commonly regarded as evidence for subcortical ischemic vascular pathology 6 and is associated with vascular cognitive impairment (particularly executive dysfunction) 7, 8 and dementia 9, 10 . However, white matter hyperintensities (WMH) are also commonly observed on magnetic resonance imaging (MRi) in patients without specific cognitive complaints, and are present in many "normal, healthy" elderly individuals [11] [12] [13] . Typically, SPC patients are living in the community and responsible for managing their own often complex health care needs, such as multiple medications, possibly including blood glucose monitoring, and keeping various appointments. it is important to identify those individuals who may be unable to engage in a medical management plan because of memory deficits or problems comprehending instructions from health care providers.
Nevertheless, routine screening for cognitive impairment in SPCs remains widely under adopted. Patients harboring covert vascular cognitive impairment are unlikely to volunteer descriptions of problems with executive function, the cognitive domain most frequently affected in vascular cognitive impairment 14 . This is in contrast to patients who present with complaints of memory impairment, potentially representing the amnestic form of MCi preceding a diagnosis of Alzheimer's Disease.
The Montreal Cognitive Assessment (MoCA) was conceived for the detection of MCi, and was originally validated in a memory clinic population 15 . its use in stroke patients is favoured over the Mini-Mental State exam (MMSe) in part due to greater emphasis on testing for executive dysfunction. Not surprisingly, a recent population-based study of patients with transient ischemic attack and stroke concluded that the MMSe underestimated MCi compared to the MoCA 16 . Using the MoCA in patients ≥1 year after transient ischemic attack (TiA) or stroke was associated with a sensitivity=77% and specificity=83% for detecting MCi 17 . However, not all patients referred to a SPC are diagnosed with a TiA or stroke, resulting in a mixed patient population in actual practice. Other factors, such as chronic subcortical ischemic WMC or incipient Alzheimer's Disease, may be present and unrelated to the presenting complaint. Our intent was to evaluate the use of the MoCA as a screening tool for cognitive impairment in a cohort of consecutive patients presenting to our Regional SPC.
The urgency to evaluate symptoms potentially representing TiAs often leads to high patient volumes in SPCs, resulting in less time for each patient than in memory clinics. The length of time needed to administer the full MoCA in such an environment is almost prohibitive. Although a MoCA can typically be administered in approximately 12 minutes, there are competing demands including stroke education, counseling for vascular risk factors, and coordination of several time-sensitive investigations. While it is acknowledged that evaluation of cognition is particularly relevant in conjunction with these activities, formal screening for cognitive impairment in most SPCs is typically deferred. A five minute cognitive assessment proposed in the vascular Harmonization criteria has been described but was envisioned for use over the telephone and has not been validated in practice 18 . An additional objective of our study was to therefore identify the most predictive components of the MoCA, in order to support the feasibility of introducing a Mini-MoCA for use in this clinical setting in the future.
METHODS
The MoCA was administered to 102 out of 107 consecutive new patients assessed by the authors (DJS, WO) presenting to the Regional SPC for Central South Ontario at the Hamilton General Hospital, part of Hamilton Health Sciences. The MoCA was not administered to four patients who could not speak english, and one patient who was aphasic from a previous stroke. Patients were referred for suspected TiA, recent history of stroke, or for primary prevention due to vascular risk factors placing them at high risk for stroke. Approval for the study was obtained from the Research ethics board at Hamilton Health Sciences.
Participant data included the following possible confounders: i) english as a second language (eSL), ii) current diagnosis of a mood disorder (depression and/or anxiety), or iii) previous diagnosis of cognitive impairment or dementia. The mean MoCA scores of each group created by the possible confounder were compared to the remaining group through analysis of variance (ANOvA).
brain imaging results were reviewed in all cases in which computed tomogram (CT) or MRi of the brain were available. The Age-Related White Matter Changes (ARWMC) rating scale was rated by two independent radiologists (AS, LW). Cases in which concordance was not achieved were adjudicated by a neuroradiologist (AF).
To determine if the subset of patients with neuroimaging results comprised a representative sample, MoCA scores and ages for the group with neuroimaging were compared to the group without neuroimaging using the F-test. evaluation for differences between paired means of white matter scores by diagnosis was then made using the Tukey-Kramer test.
in order to derive a predictive subset from the twelve MoCA test elements (trails, cube, clock, etc.) linear regression analysis was performed, and the highest Pearson product (i.e. the most linear dependent) of all possible combinations of two or three test elements was taken as the predictive subset.
RESULTS

Population Characteristics
The age of the participants ranged from 27 to 92 years, with a mean age of 65.8 +/-SD 15 years. Fifty-five out of 102 of the study participants were women. The mean score obtained on the MoCA was 22.2/30 (± 5.3), with a median score of 23/30. (49/102 participants had an extra one point as part of their final score for not having completed more than a Grade 12 education.)
Sixty-five out of 102 patients scored <26 in keeping with a diagnosis of MCi, as per the cut-off in the original MoCA publication 15 . Of these, 30 participants scored <20/30 (within the range of the Alzheimer's dementia group in the original MoCA study) 15 . Table 1 illustrates patient subgroups according to final diagnosis and vascular risk factors. Forty-eight percent of patients were confirmed to present with either TiA or stroke. Those patients with a final diagnosis of cognitive impairment were typically referred for transient episodes of confusion ultimately attributed to previously unrecognized cognitive impairment, while other patients harboured baseline cognitive impairment unrelated to their presenting symptoms.
"Other" represents five cases of vertigo, three cases of transient visual disturbances of uncertain etiology, two presyncopal events, two referrals for asymptomatic high risk patients, and one each of: unspecified chest pain, paraesthesias, peripheral neuropathy, fibromuscular dysplasia, myasthenia gravis, allergic reaction, generalized weakness, transient global amnesia, and hyperglycemia. There was no difference in the MoCA score with respect to final diagnosis (ANOvA, p=0.146).
Of the 102 patients in our study, 62 patients had a CT scan of the head performed as part of their evaluation, 35 patients had an MRi brain, and 17 patients had both brain imaging studies (Table  2) . White matter scores were not assigned for three patients who had studies performed at outside centres or for the 19 patients who had no brain imaging. The 80 patients with brain imaging available formed a representative group, with no statistically significant difference noted by F-test between the group with imaging and those without imaging for total MoCA score (P=0.202) or age (P=0.355).
Age and MoCA Score
Although a trend was observed between patient age and MoCA score ( Figure) , the correlation was not statistically significant (r=0.208), likely due to greater variability in MoCA score with increasing age. When patients were grouped by decade of birth (Table 3) , there was a decrease in the mean MoCA score with increasing decile of age (ANOvA, p=0.00008).
Age, MoCA, and ARWMC Score
Although a trend was observed between patient age and ARWMC score, the correlation was not statistically significant (R=0.551), likely due to greater variability in ARWMC score
MoCA scores (median, mean), number of patients with less than 12 years of education, and proportion of patients with vascular risk factors (hypertension, diabetes mellitus, dyslipidemia, cigarette smoking) according to final diagnosis. TiA=transient ischemic attack; SD=standard deviation. 
Possible Confounders
The mean MoCA score in 9/102 participants for which english was their second language was lower than in the remainder of participants tested in their native language (17.2± 5.6 vs. 22.7±5.0, P-value by T-test=0.019). Six of nine eSL participants were between the ages of 70-79, although the difference in mean age between these two groups was not statistically significant (70.3±9.5 vs. 65.8±14.9).
There was no difference in the mean MoCA between the 19 participants with a diagnosis of depression and/or anxiety and the remainder of the group (21.9+/-5.5 vs. 22.3+/-5.3, T-test, P=0.807). Finally, only four participants had a pre-existing diagnosis of cognitive impairment or dementia. The final diagnoses in this subgroup were TiA, stroke, symptoms related to cognitive impairment, and migraine.
Finding a Predictive Subset
The single test element most predictive of an abnormal MoCA score was delayed recall using five words (r=0.715, Table  4 ). The most predictive subset using two test elements involved the clock-drawing task and delayed recall using five words (r=0.835) and using three test elements involved the clock, delayed recall, and abstraction (r=0.901). by comparison, the five-minute neuropsychological protocol suggested in the National institute of Neurological Disorders and StrokeCanadian Stroke Network vascular Cognitive impairment Harmonization Standards (delayed recall, phonemic fluency, and orientation) 18 was less predictive of an abnormal final score (r = 0.815).
Using an arbitrary score ≤ 7 (out of a total possible score of 10) for the three test elements comprising the most predictive subset described above correlated well with a MoCA ≤ 26 (sensitivity 0.985, specificity 0.776, PPv 0.855, NPv 0.974, Table 5 ). Only one false negative would result, although 11 false positives would be avoided using the full MoCA. Adding one point for ≤ 12 years education decreased the sensitivity for a mini-MoCA score ≤ 7 to 91.5%, with only a modest increase in specificity (from 77.6% to 80.4%).
DISCUSSION
Our findings underscore the importance of routine screening for cognitive impairment in patients attending a SPC, given that 63.7% of the patients in our cohort demonstrated evidence for some degree of cognitive impairment, irrespective of the final diagnosis or the presence of WMC. in contrast, only 3.9% of patients had been previously diagnosed with either MCi or dementia, with the implication that cognitive impairment had previously gone unrecognized in the vast majority of cases.
Since the patients studied had experienced symptoms of neurological dysfunction, they could not be said to represent healthy, community-dwelling individuals. However, most presented with transient symptoms and reported that they were back to their functional baseline. Since the use of the MoCA has not been validated in such a group, it remains to be established whether a lower cut-off score would more accurately discriminate patients with MCi, as has been suggested elsewhere 19, 20 . The likelihood of cognitive impairment appeared to be more closely associated with a patient's age than any other factor. The youngest group were those ultimately diagnosed with migraine aura as the cause for their presenting symptoms, a common reason for referral to SPCs 21 , although MoCA scores were comparable to patients in other diagnostic categories.
The lack of correlation between the MoCA and ARWMC scores may have been due to our relatively small sample size, in addition to not considering other factors such as measures of brain atrophy. A heterogenous group of patients will probably harbour multiple reasons for MCi, such as sleep apnea in younger, obese patients 22 or incipient Alzheimer's Disease in older patients.
Our findings are comparable to normative data from a recent, large, population-based study of cardiovascular disease 23 . Most of our patients harbored vascular risk factors, regardless of the final diagnosis, which are closely linked with cognitive impairment 24 . There is evidence that optimization of vascular health in mid-life results in a lesser burden of subcortical white matter changes in late life 25 . Recent data from 91 nondemented TiA and stroke patients in the Oxford vascular Study (OXvASC) found that 42% met the Petersen criteria for MCi 17 . This cohort represented patients with a confirmed diagnosis of TiA or stroke ≥1 year after initial presentation who provided consent to a neuropsychological battery taking approximately 50-60 minutes to administer. The greater prevalence of cognitive impairment in our own cohort is likely related to the absence of any selection bias, given that cognitive screening was performed on consecutive patients at the point of initial clinical contact, in accordance with current best practice recommendations 1 . The MoCA has been recommended for cognitive screening of patients at risk for cerebrovascular disease in SPCs, but it remains to be established whether the time required to perform a full MoCA in every such patient is feasible in actual practice. A mini-MoCA comprised of three elements of the MoCA (clock drawing test, five-word delayed recall, abstraction) appears highly sensitive for predicting an abnormal MoCA score and pending validation, would be well-suited as a practical tool for screening of patients attending a SPC.
While a greater contribution to the final MoCA score is clearly influenced by the number of points for individual subtests, it is interesting to note that orientation (six points) was a relatively poor contributor to the final score. it was also unlikely that subtests contributing a single point would have a sizable impact on the final score. The validity of individual subtests should therefore be compared to independent cognitive measures as part of more complete neuropsychological testing.
Ultra-brief assessments for screening of cognitive impairment have previously been described 26 . Folstein developed a "micro" Mental Status examination, which likewise included clockdrawing and delayed recall of a five word list 27 . More recently, the National institute of Neurological Disorders and StrokeCanadian Stroke Network vascular Cognitive impairment Harmonization Standards suggested using three components of the MoCA (delayed recall of a five word list, phonemic fluency, and orientation) 18 which appear to be less predictive of an abnormal final MoCA score, based on the cohort of patients we tested.
in conclusion, the high probability of identifying patients with cognitive impairment presenting to a SPC argues for the development of a brief, practical, and accurate screening tool. The development of a mini-MoCA using clock drawing, delayed recall of a five word list, and abstraction has the potential to fulfill this role, but remains to be validated with proper neuropsychological testing. Normative data for the MoCA in this population is lacking, so that results should be interpreted with caution. inferences regarding the etiology of cognitive impairment in this population should likewise be deferred until further cognitive evaluation and appropriate investigations can be completed, and should also involve probing for actual functional limitations, patient education, and counseling.
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